duration and timing of drug treatment are critical in determining long-term effects (Popa et al, 2008) , owing to developmental changes in the neural substrates on which the drugs act.
Stress, which is associated with affective disorders, adversely impacts neural development during fetal life and postnatally, and is ameliorated by therapies that improve affect. Thus, potential, adverse, long-term effects of exposing the developing brain to medication must be weighed against the deleterious impact of stress elevation as a result of interrupted pharmacotherapy of pregnant women, or not treating children or adolescents.
Human studies have revealed few effects of fetal antidepressant drug (ADD) exposure that endure beyond infancy. By contrast, adult rodents exposed to ADDs only during stages corresponding to fetal life, childhood, or adolescence in humans exhibit a spectrum of abnormalities, many of which are, surprisingly, components of depression. Similar, long-term, 'mirror image' effects (that is, drug-induced increases in disease components that are reduced by pharmacological treatment of adults) occur after early-life anxiolytic treatment (Depino et al, 2008) . Early exposure to atypical antipsychotic drugs, used to treat bipolar disorder in children and adolescents, induces significant, long-lasting cognitive deficits (Zuo et al, 2008) and morphological abnormalities (Frost et al, 2009) .
Why do rodent and human data seem discrepant? In rodents, the behavioral syndromes induced by early ADD (Ansorge et al, 2008) or anxiolytic (Depino et al, 2008) treatment are progressive and emerge fully only in early adulthood. This is because early-life brain insults induce a cascade of effects over the course of development. Human studies of the effects on progeny of maternal ADD treatment during pregnancy so far reach only up to 7-10 years of ageFtoo early to characterize longterm outcomes.
Early-life experience and environmental factors are emerging as additional, important modulators of the effects of psychotropic medications. We recently showed that, in rats, some of the enduring behavioral consequences of fetal exposure to fluoxetine do not occur if exposed infants are subjected to behavioral testing, which, by its nature, provides supplemental sensory stimulation and exercise (R Gibb, DO Frost and B Kolb, unpublished data). A provocative, parallel finding has recently been reported in humans: In infants who are not breast fed, maternal SSRI use during pregnancy is associated with altered hypothalamo-pituitary-adrenal (HPA) stress responses, whereas breast feeding abolishes this effect of fetal SSRI exposure by 3 months of age (Oberlander et al, 2008) . The mode of feeding seems to act epigenetically: breast-fed infants have lower methylation (and probably higher expression) of the glucocorticoid receptor gene NR3C1 than nonbreast-fed infants (Oberlander et al, 2008) .
Animal and human studies are consistent in demonstrating that environment and experience during fetal and postnatal brain maturation interact with early-life psychotropic drug exposure to shape the ontogeny of behavior and neural circuitry. Epigenetic modulation of gene expression appears to be one important mediator of these effects. These findings suggest possibilities for designing new therapeutic strategies that mitigate the effects of early-life ADD exposure.
except for income received from their primary employers, no financial support or compensation has been received from any individual or corporate entity over the past 3 years for research or professional service and there are no personal financial holdings that could be perceived as constituting a potential conflict of interest. (Kilts et al, 2002) . Strikingly, most laboratories engaged with this phenomenon recognized its implications, each proffering a unique name (eg, agonist-directed trafficking of signaling, biased agonism, etc), with functional selectivity emerging as the apparent consensus. The naming quandary, the involved mechanisms, the impact on understanding drug action, the relevance to drug discovery, and even the implications for teaching have been reviewed recently (Urban et al, 2007) , now including the first book on the subject (Neve, 2009 ). It appears that this is a universal phenomenon for all GPCRs and other drug targets, and that many drugs may cause such differential signaling.
The question is whether functional selectivity is an interesting artifact for the specialist, or a mechanism that affects psychoactive drug action and drug discovery. The data suggest that both are true (Kilts et al, 2002; Smith et al, 1997) . As an example, a recent publication examined the impact of functional selectivity on valvulopathy, which was thought to be due to 5-HT 2B agonist-induced mitogenic action in the heart. Clinical drugs were selected for their 5-HT 2B agonist profile in traditional assays, and then functionally profiled. Of this group, ropinirole was differentiated from the other compounds by its signaling profile, possibly explaining why it has a decreased risk of valvulopathy (Huang et al, 2009 ). To our knowledge, this is the first example for the differentiated side-effect profiles of functional selectivity.
Of direct neuropsychopharmacological relevance is the dopamine mechanism of action of aripiprazole. The most commonly disseminated hypothesis is that aripiprazole causes 'dopamine stabilization' through D 2 partial agonism. Conversely, other data have shown that aripiprazole, although sometimes a partial agonist, can also be a D 2 pure antagonist or full agonist depending on the assay system. As we have reviewed recently (Mailman, 2007) , the original in vivo/ ex vivo data from the drug's discoverers are consistent with D 2 functional selectivity, but not with simple partial agonism. Functional selectivity would thus predict that D 2 ligands selected as partial agonists in a single common functional assay may not be similar clinically. From this perspective, the failure of preclamol or bifeprunox to have adequate antipsychotic efficacy may not be surprising.
The level of complexity added by functional selectivity also provides opportunity. In the short term, it permits a greater understanding of the differential neuropsychopharmacology of drugs once thought to be functionally similar, and may permit discrimination of potential drug candidates. In the long term, scientific advances showing how individual signaling pathways affect cellular function (and subsequent physiological responses) will provide a mechanistic foundation for the discovery of rationally chosen functionally selective drugs. 
DISCLOSURE
In addition to income from his primary employer, Dr Richard Mailman has an equity interest in Biovalve Technologies and Effipharma, which creates a potential conflict of interest that has been monitored by committees at his current and previous employer. In the past three years, Dr Mailman has also been compensated for providing scientific opinions relevant to legal or public policy matters that are not related to the topic of this commentary. Except for his primary employment, Dr Vishakantha Murthy declares that no compensation or support has been received from any entity over the past three years for research or professional service. This work was supported by grants MH040537 and MH082441.
Induced pluripotent stem (iPS) cells and their future in psychiatry
One of the most significant challenges in neuroscience for the twenty-first century is to understand the molecular and cellular basis of neuropsychiatric disorders. Despite extensive research, the last several decades failed to yield clearly validated new drug targets or therapeutic mechanisms for major psychiatric disorders (Hyman, 2008) . One important limitation is the lack of pathogenically and physiologically reliable animal and cellular model systems of psychiatric disorders. This challenging situation is now changing through the advances that followed Shinya Yamanaka and his colleagues' successful generation of pluripotent stem cells in 2006, so called 'induced' pluripotent stem (iPS) cells, from
